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Experimental  model  of  a  32-kc  pulsed  frequency  modulation  blind  guidance  system.  Headphones  can  be  replaced  with  bone  con¬ 
duction  unit,  and  use  of  65  kc  allows  smaller  double-transducer  assembly  (see  Fig.  1). 
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TO  investigate  the  possibilities 
of  developing  artificial  devices 
to  aid  the  military  blind,  the  Com¬ 
mittee  on  Sensory  Devices  was  or¬ 
ganized  in  1944  under  the  jurisdic¬ 
tion  of  the  Office  of  Scientific 
Research  and  Development.  The 
Haskins  Laboratories  of  New  York 
City  was  selected  by  the  Committee 
on  Sensory  Devices  to  serve  as  a 
central  laboratory  for  the  Commit¬ 
tee  in  guiding  the  efforts  of  various 
groups  doing  the  research  and  de¬ 
velopment  and  also  to  carry  on  tests 
with  blind  subjects.  The  Stromberg- 
Carlson  Company  was  one  of  three 
industrial  organizations  chosen  to 
develop  blind  guidance  devices  us¬ 
ing  ultrasonic  echo-ranging  tech¬ 
niques.  In  September  1945,  the 

From  a  paper  presented  at  the  19  47  Na¬ 
tional  Electronics  Conference  in  Chicago. 


Committee  on  Sensory  Devices  was 
transferred  to  the  National  Re¬ 
search  Council  and  the  financial 
support  of  the  research  program 
was  taken  on  jointly  by  the  Surgeon 
General  of  the  War  Department 
and  by  the  Veterans  Administra¬ 
tion. 

While  the  idea  of  a  person’s  car¬ 
rying  around  a  portable  radar-like 
device  originally  seemed  rather 
fantastic,  there  was  the  precedent 
of  the  bat’s  use  of  an  acoustic  form 
of  echo  ranging1,2  and  of  a  blind 
person’s  use  of  audible  sounds  to 
locate  walls  and  other  fairly  large 
obstacles.3 

System  Limitations 

Although  at  first  the  form  of  the 
guidance  device  was  only  loosely  de¬ 
fined,  it  was  natural  to  assume  that 


it  would  be  something  like  a  flash¬ 
light  which  the  user  could  point  in 
various  directions.  The  signal  would 
probably  be  some  audible  indication 
of  the  distance  to  the  obstructing 
object.  The  maximum  distance 
range  that  seemed  desirable 
changed  with  experience. 

At  first,  the  tentative  specifica¬ 
tions  called  for  a  maximum  range 
of  at  least  twenty-five  feet,  and 
fifty  feet  if  possible.  Later  experi¬ 
ence  with  systems  which  did  have 
a  range  of  fifty  feet  or  more  showed 
that  there  was  a  large  amount  of 
information  about  distant  objects 
that  was  of  no  immediate  use  and 
actually  caused  confusion.  A  blind 
subject,  for  example,  walked  with 
much  more  confidence  if  the  guid¬ 
ance  device  gave  no  indication  of 
objects  beyond  eight  feet  than  he 
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FIG.  1 — Magnetostriction  transducers  used  in  the  32-kc  (left)  and  65-kc  devices 


Portable  radar-like  device  employing  pulsed  frequency  modulation  gives  a  single  audio 
frequency  tone  corresponding  to  any  given  obstacle  distance.  Simultaneous  echoes  from 
different  distances  are  identified  by  combinations  of  individual  tones.  Complete  experi¬ 
mental  equipment  weighing  5^  pounds  operates  at  65  kc  to  detect  obstacles  up  to  30  feet 
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did  if  he  had  to  sort  out  and  in¬ 
terpret  information  indicating 
many  distant  objects.  Whether  a 
prolonged  training  period  would 
make  it  possible  for  the  subject  to 
ignore  the  distant  signals,  except 
when  they  were  of  real  interest,  is 
open  to  question. 

A  fundamental  limitation  of  any 
echo-ranging  system  is  the  fact  that 
the  type  of  information  which  a 
blind  person  expects  from  a  guid¬ 
ance  device  can  not  always  be  ob¬ 
tained  by  echo-ranging.  An  open 
door,  for  example,  is  difficult  to  find 
from  the  opposite  side  of  a  room. 
Unless  the  beam  of  ultrasonic  sound 
is  very  narrow,  the  echoes  from  the 
posts  at  each  side  of  the  door  mask 
the  lack  of  an  echo  between  them. 
A  closed  door,  it  would  seem,  could 
not  be  found  at  all.  Conditions  that 


are  hazardous  are  sometimes  diffi¬ 
cult  to  find  by  echo-ranging,  since 
not  all  hazards  are  caused  by  the 
presence  of  obstacles.  An  open  man¬ 
hole,  a  sudden  step-down  or  a  curb 
are  as  dangerous  as  solid  obstacles, 


yet  it  is  difficult  to  identify  either 
the  hole  or  the  step-down  by  echo¬ 
ranging.  From  the  point  of  view  of 
acoustic  field  theory,  there  is  al¬ 
ways  a  scattered  wave  whenever 
there  is  a  discontinuity  of  any  kind 


FIG.  2 — Block  diagram  of  a  simple  pulsed  blind  guidance  system 
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‘gjiqAv  b  joj  uigjSifs  gsjnd  gqj  qjiM 
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FIG.  4 — Graphical  representation  of  the 
sawtooth  frequency  modulation  system 


kilocycles  and  the  total  length  of 
the  sweep  is  equivalent  to  18  feet. 
To  obtain  this  photograph,  the 
camera  shutter  was  left  open  for 
the  entire  time  it  took  the  subject 
to  walk  up  to  the  transducers. 

First-Echo  Pulse  System 

One  type  of  pulse  system  often 
proposed  for  blind  guidance  causes 
the  outgoing  pulse  to  be  initiated 
or  triggered  off  by  the  echo.  In 
such  a  system  the  repetition  rate 
gives  an  indication  of  the  distance, 
a  fast  repetition  rate  indicating  a 
nearby  object  and  a  slow  repetition 
rate  indicating  a  distant  object. 
This  type  of  system  should  operate 
satisfactorily  if  only  one  echo  is 
received  for  each  radiated  pulse. 
However,  it  often  happens  that 
echoes  from  more  than  one  object 
are  received  in  a  single  period.  For 
example,  if  three  echoes  return 
after  the  first  pulse,  each  of  these 
three  echoes  will  trigger  off  a  pulse, 
and  for  each  of  these  pulses  there 
will  be  three  more  returning  echoes. 
It  is  apparent  that  there  results 
a  continual  multiplication  of  the 
number  of  pulses  sent  out  so  that 
the  system  quickly  saturates  and 
no  useful  information  is  obtained. 

A  system  has  been  developed  to 
avoid  this  difficulty  by  responding 
to  the  first  echo  only.  It  has  a  rep¬ 
etition  rate  that  is  a  function  of 
distance.  This  short-range  obsta¬ 
cle-location  system  meets  the  fol¬ 
lowing  specifications:  (1)  the  de¬ 
vice  responds  to  the  first  echo  only ; 
(2)  the  presentation  is  tactile;  (3) 
the  range  is  limited;  (4)  there 
is  no  detectable  signal  when  no 
echo  is  received;  (5)  the  frequency 
of  the  tactile  presentation  decreases 
with  distance. 

The  range  indication  as  given  by 
the  repetition  rate  varied  in  the 


FIG.  5 — Pulsed  irequency  modulation 
system  employing  ultrasonic  oscillator 

first-echo  pulse  system  developed 
from  about  30  pulses  per  second  for 
nearby  objects  to  about  five  per 
second  for  distant  objects.  The 
maximum  range  could  be  limited 
to  any  value  between  six  and  20 
feet.  This  system,  however,  had  two 
important  fundamental  limitations. 

First,  the  frequency  range  of  the 
distance  indication  was  insufficient 
for  tactile  presentation.  The  maxi¬ 
mum  repetition  rate  could  not  be 
increased  since  the  period  must  be 
sufficiently  long  for  all  echoes  to 
return  in  the  same  period  in  which 
the  corresponding  pulse  was  radi¬ 
ated.  Reports  from  the  testing 
psychologists  indicate  that  a  fre¬ 
quency  range  of  20  to  200  cycles 
per  second  should  be  provided  for 
tactile  presentation. 

The  second  limitation  was  the 
effect  of  fluctuation  of  the  echoes 
mentioned  earlier.  These  fluctua¬ 
tions  produced  an  instability  in  the 
signal  which  made  it  difficult  to 
interpret.  As  the  echo  flickered, 
there  was  an  occasional  period  in 
which  the  significant  echo  did  not 
appear.  In  such  event,  the  radiation 
of  the  next  ultrasonic  pulse  did  not 
take  place  until  the  normal  idling 
period  had  passed.  The  pulses  were 
thus  unevenly  spaced,  making  it 


difficult  to  recognize  any  definite 
repetition  rate. 

To  be  sure  that  the  range  indica¬ 
tion  will  be  independent  of  the  way 
in  which  the  echoes  might  flicker, 
the  indication  of  the  distance 
to  the  reflecting  obstacle  should  be 
definitely  established  by  one  se¬ 
quence  of  events  consisting  of  the 
radiation  of  the  ultrasonic  signal 
and  the  return  of  the  echo.  It  should 
not  be  necessary  for  subsequent 
cycles  of  events  to  repeat  consist^ 
ently.  In  an  oscilloscopic  presenta¬ 
tion,  the  position  of  the  echo  on  the 
horizontal  axis  is  fixed  by  the  time 
that  elapses  between  the  radiation 
of  the  pulse  and  the  return  of  the 
echo.  No  matter  how  violently  the 
amplitude  of  the  returning  echo 
may  fluctuate,  the  position  of  the 
echo  on  the  oscilloscope  remains 
substantially  unchanged. 

F-M  Systems 

A  similar  independence  of  range 
indication  and  echo  amplitude  can 
be  attained  with  a  frequency  modu¬ 
lation  ranging  system.  In  such  a 
frequency  modulation  system,  the 
frequency  of  the  ultrasonic  signal 
is  varied  cyclically  as  a  function  of 
time.  Since  the  echo  is  delayed  by 
the  time  required  for  the  signal  to 
travel  to  the  reflecting  object  and 
back  to  the  transducers,  there  is  a 
difference  between  the  echo  fre¬ 
quency  and  the  frequency  of  the 
ultrasonic  oscillator  at  the  time  the 
echo  returns.  This  difference  in 
frequency  is  also  a  function  of  the 
distance  to  the  reflecting  object.  If 
the  rate  of  change  of  frequency  is 
chosen  properly,  the  difference  fre¬ 
quency  can  be  made  audible  by  mix¬ 
ing  the  oscillator  signal  and  the 
echo  in  a  nonlinear  circuit.  To  de- 
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FIG.  6 — Block  diagram  of  the  pulsed  frequency  modulation  system 
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-pas[nd  aqj  sb  UMOuq  uiajsAs  y 

uiaisAs  yyjj 

•s[bu3is  it jojotpBJjuoo  jajdjajui 
oj  jasn  aqj  Supjoj  jnoqjiM  qSnoua 
j[notyip  st  aoiAap  SuiSubj  ituB  qjiAV 
jnoqB  Xbav  s(auo  Suipuq  jo  uiajqojd 
9lIil  ‘(?V— X)  0;t-  pnba  [BAjajui  ub 
itq  paitBpp  si  qoiqM  oqoa  aqj  uiojj 
aiqBqsinSuijsipui  aq  [[iav  ?v  9mij  jo 
qjSuaj  b  itq  pa^Bpp  si  qoiqM  oqoa 
ub  oj  Suipuodsajjoo  ajou  JBaq  aqj 
‘JV  ouiij  XBpp  aqj  puB  x  potJad  uoij 
-tjadaj  aqj  [[bo  aAV  jj  ‘ssa[  sauiooaq 
g  itouanbajj  aqqAV  sasBajoui  apBjs 
-qo  aqj  puB  JojBipBJ  aqj  uaaMjaq 
aouBjsip  aqj  sb  sasij  y  itouanbajj[ 
•saiouanbajj  oavj  ajou  JBaq  aqj  ui 
juasajd  ajB  ajaqj  jBqj  uaas  si  jj 
g  puB  y  saui[  pqos  aqj  sb  UAVoqs 
si  oqoa  aqj  puB  [bu3is  pajBipBJ 
aqj  uaaAvjaq  Xouanbajj  ui  aouajaj 
-jip  aqx  ‘ujnjaj  puB  apBJsqo  Sui 
-joayaj  aqj  qoBaj  oj  [BuSis  pajBipBJ 
aqj  joj  pajinbaj  auiij  jo  qj3ua[ 
aqj  Xq  pa^tBpp  st  ‘aui[  pajjop  aqj 
Aq  UAVoqs  ‘oqoa  aqx  ‘auiij  jo  uoij 
-ounj  b  sb  Aouanbajj  ut  UAVop  puB  dn 
saiJBA  jBqj  aui[  AABaq  aqj  Aq  pajuas 
-ajdaJ  si  [buSis  pajBipBJ  aqx 

’f 

ui  pajBJjsnjq  si  uoijB[npoui  Aouanb 
-ajj  qjoojAVBg  ‘ajaq  pajapisuoo 
aq  jou  [[iav  Afjuanbasuoo  puB  ‘[BuSis 
xa[duioo  AqjBSsaoauun  ub  ui  sj[ns 
-aj  uoijBjnpoui  ppiosnuig  -uoijb[ 
-npoui  qjoojAVBS  puB  ppiosnuis  ajB 
suiajsAs  SuiSubj  ui-j  ui  pasn  uoijbj 
-npoui  jo  sadAj  uouiuioo  jsoui  aqx 
•poijad  AjaAa  ui  jbuSis  aqj  jo  uoij 
-ijadaj  juajsisuoo  aqj  uodn  puadap 
jou  saop  [buSis  aSuBJ  aqj  jo  uoijbj 
-ajdjajui  ajBjnooB  aqj  joj  ‘Ajajajd 
-uioo  jno  sapBj  oqoa  aqj  ‘poijad 
uoijijadgj  jxau  aqj  ui  ‘ji  jajjBui 
jou  [[iav  ji  9‘puooas  jad  sapAo  00I 
aAoqB  sjbuSis  jo  qojid  aqj  jo  uoijiu 
-Sooaj  aqj  joj  spuooasiqiui  of'  sb 
jjoqs  sb  aq  snqj  ubo  [buSis  aqj  jo 
uoijBjnp  aqx  ‘qojid  aqj  jo  uoijiu 
-Sooaj  jiuijad  oj  qSnoua  jBajS  aq 
poijad  uoijijadaj  auo  uiqjiAv  jbuSis 
3[qipnB  aqj  jo  uoijBjnp  aqj  JBqj  st 
juauiajinbaj  A[uo  aqj  ‘a[OBjsqo  Sui 
-joapaj  aqj  oj  aouBjsip  aqj  auiuuaj 
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